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FRACTIONATION  OF  BOVINS  GAtMA- GLOBULIN  ON  COLUMNS 
OF  CAtBOKnCTHTL-  AND  DIETHYLANINETHYL-CCLLULOSE 


Ukrainian  Biochemical  Journal 
Vol.  33,  No.  6,  3.963,  931-941 


A.S.  Tsyparovlch  and  I.P.  Galich 


Che  of  eho  nose  oanplax  protein  ays tana  Is  the  y-globulln  of 
tha  blood  sorua.  The  chromatographic  proport las  of  tho  Y-|I>^>Hns 
haw  boon  extensively  studied  and  arc  also  being  studied  at  tha  pres¬ 
ent  tins.  Tha  subject  Investigated  Is  usually  huaan  y-globulln,  which 
Is  investigated  particularly  In  connect ton  with  various  pathological 
states.  Less  research  has  been  devoted  to  bovine  yilobulla,  although 
it  Is  rather  valuable  In  the  production  of  diverse  wed leal  preparations. 

This  paper  studies  bovine  y-globulln  by  chromatography  an  ton- 
exchanger-cellulose  derivative  columns. 

The  Ion-exchanging  adsorbents  introduoed  by  Peterson  and  Sober  [l, 
2]  uncovered  great  possibilities  for  studying  Individual  proteins  and  con- 
pies  protein  syateus.  for  the  ehsraeterlsties  of  nornal  bovine  Y-globu- 
lln  we  used  two  adsorbents:  the  cationlta  carboxynethyl  cellulose  (CM- 
oellulose)  and  tha  anionite  diethylautnethyl  cellulose  (DEAE-cellulose). 

The  literature  contains  practically  no  works  studying  bovine  y- 
globulln  on  cellulose  lon-exchangers.  There  has  also  been  little  frac¬ 
tionation  of  bovine  on  other  adsorbents.  Thus,  Porter  and 

Proas  [3],  studying  this  protein  by  separation  chroaatography  on  cellte 
343,  In  essence  obtained  only  a  single  wide  peak  which  could  only  tenta¬ 
tively  be  separated  Into  components.  As  for  chrouatography  on  CH- cellu¬ 
lose  [4],  the  aost  painstaking  experiments  nay  be  considered  to  be  those 
of  Sober,  Peterson,  sad  Martin  [3  J  on  human  y-globulin.  The  protein.  It 
was  found,  was  ooabtned  with  a  number  of  components  which  were  rather 
clearly  separated.  Hunan  y-glebulla  was  eluted  as  a  single  wide  peak 
In  tha  Investigations  of  Ihtsae  and  Put nan  [4]  [names  transliterated 
frou  the  Ukrainian]. 
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A  ftt  aort  data  ara  known  about  fraetlonatlon  of  Y*flobul!n  on 
i  DEAE-cellulose  [2,  5-10].  for  the  aost  part,  however,  whole  human 
j  blood  aerua,  noraal  and  pathological,  has  been  Investigated  on  this 
!  adsorbent,  and  Y>(lobultn  only  In  composition  with  this  serua  [2,  5,  7]. 
j  Columns  with  DEAE  were  used  by  Albert  and  Johnson  [10]  to  separate  aacro- 
I  globullna.  There  Is  only  one  paper  [ll]  on  direct  Investigation  of  Y“ 
globulin  aterofraetlons,  but  there,  too.  It  was  human  r~globulln  sepa¬ 
rated  by  preparative  electrophoresis  which  was  studied.  The  authors 

that  DEAE-cellulose  can  be  used  to  separate  huaan  Y-flobulin 
In’  live  eoaponents,  four  of  which  have  a  sedimentation  factor  of 
6,t  S,  while  the  fifth  has  18  S.  He  set  ourselves  the  task  of  separat- 
i  lng  bovine  Y-globalla  more  ooapletely  Into  its  Individual  fractions. 

He  had  to  work  out  the  conditions  for  this  separation  on  CM-  and  OEAE- 
eellulose. 

Materials  and  Methods 

Guaaa -global in  was  obtained  froa  noraal  boOlne  blood  serua  or 
plasma  by  the  rlvsnol  aethod  after  Horejsl  and  Saetana  [12-15].  Ha 
used  a  aethod  of  supplementary  purification  with  salting  out  by  aaaonlua 
sulfate.  (How  Y*|Mvlln  was  obtained  Is  described  below.)  The  rlvanol 
w«  "--’1  In  the  fon  of  the  usual  aedleal  preparation.  Protein  haao- 
r  checked  by  electrophoresis  on  paper. 

He  prepared  the  CM-oellulose  froa  the  Ellls-Siapson  prescription 
[14],  The  initial  aster la 1  used  was  enriched  sulfite  pulp  which  Is  pro¬ 
duced  In  the  fora  of  cardboard  sheets.  Instead  of  the  usually  reeoaaended 
[14]  cellulose  of  the  Arkhangel'  Paper  Coablne  we  used  that  of  the  Svyato- 
gorsk  Coablne.  The  adsorbent  obtained  was  quite  satisfactory  In  quality 
and  the  isiaber  of  atlllequlvalents  per  graa  of  protein  was  0.47-0.52.  The 
aonochloroaoetlc  add  and  other  reagents  needed  to  prepare  CM  ware  the 
ordinary  coaaerclal  preparations. 

The  other  adsorbent  used  --  OCAE-cel lulose  --  was  prepared  froa 
the  prescription  of  Peterson  and  Sober  [l].* 

To  fill  the  columns,  whose  dimensions  as  a  rule  were  130-160  aa  by 
9-10  aa.  It  took  2.5-3.0  grama  of  CM-cellulose  or  1.5  graas  of  OCAE-cel lu¬ 
lose.  Into  the  CM  coluas  was  poured  20-25  mg  of  Y'globulin  previously 
dissolved  In  2  al  of  M/1000  potass lua-sodlua-phosphate  buffer  of  pH  6.6, 
and  Into  the  DEAE  eoluans  In  all  experiments  30  ag  of  protein  also  dls- 
'  solved  In  2  al  of  M/1000  or  M/5000  phosphate  buffer  of  pH  8.0.  Elution 
by  degrees  was  used  to  wash  out  the  y-8 lobulin.  In  the  CM  experiments 
the  protein  was  eluted  by  MaCl  solutions  of  various  concentrations  In 
M/1000  sodlua-potassiua-phosphate  buffer  of  pH  6.6.  Two  series  of  expert - 
wonts  were  conducted  with  DEAE-eellulose.  In  one  oe  thea  the  Y-g lobulin 
was  eluted  with  a  phosphate  buffer  of  pH  values  which  were  decreased  by 
degrees  froa  8.0  to  5.3.  In  the  other  series  elution  by  degrees  was 

*•»  take  this  opportunity  to  express  our  thanks  to  E.L.  Khodorova, 
who  gave  as  sens  of  the  preparation  which  she  had  derived. 
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conducted  In  the  mm  way  as  In  the  CM- cal  lu  log*  expert  want  a  by  changing 
the  N-'Cl  concentration  In  M/1000  or  M/3000  phosphate  buffer  while  the 
Mdlua  (pH  8.0)  la  continuously  reacting. 

The  fraction  during  elution  of  approxiaately  3  al  la  taken  off 
by  automatic  fraction  collectors  of  our  design  [15J.  The  aaount  of 
protein  In  the  Mwpllnga  was  deteralned  froa  optical  density  of  the 
solutions  (1  -  280  all Hal crons).  The  chroaatographle  experlaents 
were  conducted  at  •  teaperature  of  3-6°C  [l-5], 

Osrlvlns  r-tlobulln  froa  Bovine  Blood 

There  are  several  aethods  of  deriving  Y~globulln  [3.  12,  13, 

16-21].  The  faalliar  aethod  Is  Mlt  fractionation  by  Mans  of  (NH6)2S%, 
lU2SCd,  KH2PQ&,  ZnSOd,  and  other  Mlts.  Heavy  Mtal  salts  (especially  of 
sine),  organic  eoapounda  and  solutions,  and  preparative  electrophoresis 
are  extensively  used  to  seperate  blood  serun  proteins.  The  alcohol  Mthod 
developed  by  Kon  [transliterated  froa  the  Okralnlen]  and  his  collaborators 
was  foraerly  very  extensively  used  in  producing  Y-globulln.  This  Mthod 
has  nany  advantages,  but  certain  drawbacks  cannot  be  ellalneted  —  the 
coaplexlty  end  tlM-eonsualng  nature  of  the  process,  great  losses  of 
Slcohol,  Y-f lobulln  losses  because  of  the  aeny  steps  In  the  process, 
and  the  need  to  conduct  operations  at  a  low  teaperature  (-3  to  6°C). 

We  fixed  on  the  rlvanol  Mthod  of  obtaining  Y-globulln  developed 
by  Oorsheyshl  and  Santana  [12,  13].  Its  principle  Is  thst  the  action  of 
rlvanol  solutions  on  the  .blood  serua  precipitates  all  proteins  but  Y“glob- 
ulln,  which  roMlns  In  solution.  The  rlvanol  Is  reMved  froa  the  latter 
by  adsorbing  It  on  active  carbon  and  then  lyophi Using  the  transparent 
and  colorless  r*gl«billn  solution.  The  yield  of  Y-globulln  obtained  by 
this  Mthod  Is  93-96%.  Its  properties  in  a  whole  series  of  biological, 
cheaical,  and  physleochcaieal  characteristics  ere  In  no  wise  different 
froa  the  Y-globulln  obtained  by  the  alcohol  Mthod. 

The  Inconvenience  of  the  rlvanol  Mthod  Is  that  as  a  result  of 
all  the  operations  the  separated  protein  Is  In  a  very  weak  solution  (the 
serua  diluted  6  to  4.3  tines).  This  coaplleates  the  drying  process. 

Sons  authors  have  Introduced  extra  operations  to  separate  protein  froa 
this  sort  of  solution.  Thus,  Gurrlch,  Qibernlyeva,  and  Myasoyedovs  [19] 
precipitated  rabbit  Y-globulln  by  alkalinlslng  the  nedlua  to  pH  9.3, 
Gubenko  [20]  has  developed  a  so-called  rlvanol-elcohol  Mthod  for  pro¬ 
duction  purposes:  here  the  r-g lobulln  is  separated  froa  the  dilute  solu¬ 
tion  by  alcohol  precipitation  at  a  teaperature  of  -3  to  6«C.  It  Is  In¬ 
teresting  that  this  work  Mlts  out  the  rlvanol  with  sodiua  chloride  In 
ea  0.83%  conoentretton  Instead  of  r snowing  It  by  adsorption  on  active 


la  our  work  we  also  used  a  suppleasntary  operation  by  working  out 
a  procedure  which  by  analogy  with  the  rtvaaol-aleohol  Mthod  My  be  called 
the  riveael-Mlt  Mthod.  The  purpose  of  the  additional  operation  ms  to 


rmrovo  the  hmoglobin  which  ms  always  present  in  bovine  sen*,  ms  not 
precipitate^  by  rivsnol,  and  contaminated  the  protein  obtained. 

Usually,  according  to  the  directions  of  Horejsi  and  Saetana,  we 
added  to  one  volume  of  blood  sen*  3.5  volumes  of  Q.4£  rivanol  solution, 
dropping  it  in  in  snail  mounts.  The  proteins  which  settled  were  fil¬ 
tered  out  through  a  double  filter  and  complete  transparency  of  the 
solution  ms  required.  To  adsorb  the  rivanol  we  chose  the  most  suitable 
grade  of  carbon  (AR-3).  Since  it  is  of  granular  manufacture  in  the  font 
of  snail  cylinders  we  carefully  ground  it  in  a  aortar  before  using  it. 
Sixty  grans  of  ground  carbon  per  liter  of  solution  obtained  was  needed 
for  complete  separation  of  the  rivanol.  The  carbon  ms  filtered  out. 

Ve  were  careful  that  the  final  solution  (after  removal  of  the  carbon) 
containing  the  purified  y  -globulin  ms  always  slightly  pink.  It  ms 
found  that  it  contained  a  certain  amount  of  hemoglobin  which  had  not 
been  precipitated  by  the  rivanol.  Bovine  blood  serua  always  contained 
a  certain  amount  of  this  protein.  Even  completely  colorless  ("yellow") 
serais  contained  dissolved  hemoglobin  which  stayed  in  the  y  -globulin 
fraction  and  contaminated  it.  In  order  to  remove  the  hemoglobin  impuri¬ 
ties  we  introduced  an  extra  salting  out  with  ammonium  sulfate,  which  ms 
conducted  at  a  concentration  of  the  salt  where  the  y -globulin  was  com¬ 
pletely  precipitated,  while  the  hemoglobin  remained  in  solution  (final 
degree  of  salt  saturation  ms  0.33-0.3850.  In  addition  to  salting  out 
the  hemoglobin  this  also  concentrated  the  protein  before  lyophilliatlon. 
As  already  mentioned,  the  usually  obtained  r -globulin  solution  ms 
greatly  diluted.  Hore  than  1800  cc  of  solution  had  to  be  dried  to  give 
2. 5-3.0  grms  of  dry  protein.  The  protein  had  to  be  separated  in  advance, 
but  we  tried  to  avoid  aloobol  precipitation  because  of  the  relatively 
great  danger  of  denaturatlon  and  the  inooncenienee  of  working  at  a 
temperature  of  -5  to  6°C. 

Scl ting-out  and  dialysis  seemed  the  more  convenient  operations. 

The  additional  purification  introduced  made  it  possible  completely  to 
remove  the  hemoglobin.  Uhen  the  solution  ms  saturated  with  (HHj^SOit 
to  0.33-0.38)1  there  then  fell  out  a  white  precipitate  of  y -globulin 
which  ms  isolated  by  centrifuging;  the  colored  hemoglobin  remained  in 
the  suprasedlmental  liquid.  The  precipitate  ms  washed  with  e  solution 
of  ammonium  sulfate  end  dissolved  in  the  minimum;  the  solution  ms  dia¬ 
lysed  against  water  to  almost  complete  separation  of  the  sulfate  lone, 
after  which  the  protein  ms  dried  by  lyophilisation. 

The  protein  obtained  ms  dectropboretieally  studied.  Electro¬ 
phoresis  on  paper  ms  conducted  in  the  usual  way  [21]  in  a  veronal - 
medinal  buffer  of  pH  8.6  and  in  a  sodim-potassium -phosphate  buffer  of 
pH  7.1  and  7.7  at  room  temperature.  Leningrad  chromatographic  paper  No.  2 
was  u*-"' :  site  of  the  elec tropbo ratio  strips  ms  42  x  4  cm.  The  experl- 
i-tnt  was  conducted  at  260-300  volts  and  6-8  aa.  The  elec tropbo regrams 
were  colored  by  means  of  amide  black.  On  the  strips  ms  always  applied 
0.01  ee  of  y  -globulin  solution  In  the  appropriate  buffer;  the  solution 


oont--i  j  .3  eg  of  protein.  Duration  of  electrophoresis  in  the  veronal- 
mcdlnal  buffer  mi  16  and  ho  hr;  in  the  phosphate  buff  or  it  mi  16  hr. 

In  all  eaaoa  tho  y -globulin  obtained  aotod  like  ah  eleetro- 
phoretloally  henogenssus  protein  (Fit*  !)• 


Fig.  1.  KLeetrophoregrams  of  y-globulini  a  —  electro- 
phoroaia  in  phosphate  buffer  of  pH  7*1  for  16  hh;  b  —  in 
phosphate  buffer  or  pH  7*7  for  16  hr}  c  —  in  veronal* 

■edinal  buffer  of  pH  8.6  for  hO  hr. 

atHfrlM  T-clgVuUa.fln  abaliMlflaft 

the  eleotropboretically  homogeneous  preparation  of  y -globulin 
derived  by  the  above-described  nethod  was  chroaatographically  studied 
on  a  oation-exchanging  adsorbent  ( CM -cellulose).  The  experiments  were 
conducted  as  follows.  The  ooluan  was  washed  with  10-20  voluaes  of 
M/1000  phosphate  buffer  of  pH  6.6  and  than  20-25  mg  of  y -globulin  dis¬ 
solved  in  the  sane  buffer  was  applied  to  it.  When  cheeking  completeness 
of  protein  adsorption  in  the  ooluan  we  began  to  elute  the  protein  by 
degrees,  adding  washing  solutions  which  contained  0.05-0.15-0.20-0.30- 
0.00-0. 50 -0.6  £  of  aodiua  chloride  in  an  M/1000  phosphate  buffer  of  pH 
6.6.  The  ooluan  was  regenerated  in  the  usual  way  after  the  conclusion 
of  eeeh  experiment  [lb]. 

figure  2  shows  the  oharaoteristie  fractionation  curve  of  bovine 
y  -globulin  on  CM-cellulose. 

The  experimental  results  p exult  us  to  proceed  to  rather  definite 
conclusions.  First  of  all.  attention  is  drawn  to  the  presence  in 
y  -globulin  of  no  less  than  Sevan  aiero’fractions.  The  relative  amounts 
thereof  in  our  experiments  vary  somewhat,  but  it  was  always  noted  that 
the  components  which  were  eluted  by  M/500  and  K/300  sodium  chloride  wore 
the  greatest  in  quantity,  the  first  oontalning  50-600  protein,  the 
seoond,  20-350.  la  the  other  protein  fractions  the  distribution  vast 
fraction  elated  by  X/lO  Had  solution  always  oontained  a  very  insignifi¬ 
cant  amount  of  it.  0.5-101  the  fractions  following  it  oontained  1-30 
(M/150),  b-100  CM/20).  6-90  (M/hO),  7-U0  (M/50).  Finally,  the  lest 
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fraction  when  Anted  by  m/60  of  Had  did  not  always  appear.  When  it  did 
it  oontainad  l-2f  of  r -globulin. 
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Fig.  2.  Fractionation  of  y -globulin  on  CM-cAlulose» 
Tortieally  —  amount  of  protein  In  sanples  Anted  fro* 
colmn,  BMiurad  in  degroos  of  extinction;  horizontally 
—  number  of  teats:  horizontally  above  —  solar  concentre- 
tion  of  Auent. 


Investigation  of  bovine  y  -globulin  on  Oi-cellAose  thus  showed 
that  this  protein,  Hke  hunan  y -globulin,  is  composed  of  a  number  of 
components  (seven  or  eight).  The  experimental  conditions  chosen  enable 
us  to  distinguish  nicro fractions  with  adequate  clarity.  In  this  respect 
the  Method  of  Aution  by  degrees  obviously  has  advantages  over  the 
gradient  Method  of  Aution,  tor  it  p emits  each  fraction  to  be  ocapletely 
washed  out. 


ffWfrgf  r-riglrcttoiuJ^sSgllritag 

In  order  to  derive  more  detailed  characteristics  of  bovine 
Y  -globulin  the  second  part  of  the  work  was  devoted  to  studying  this 
protein  on  an  ion-exchanger  —  DEiE-cellulose.  The  experiments  were  con¬ 
ducted  in  ->  'odivn-potas  si  un-phosphate  buffer.  The  following  oondltions 
for  re&  ■  'ion  and  preparation  of  the  column  for  the  experiment  were 
chosen;  it  was  treated  with  50-60  cc  of  l£  Nad,  washed  with  water  until 
reaction  was  neutral  (to  phanolpbthaleln) ,  and  then  with  200-230  cc  of 
K/lOOO  or  M/5000  phosphate  buffer  of  pH  8.0.  After  this  amount  of  buffer 
has  been  passed  through  the  colmn  the  pH  of  the  effluent  solution  is 
0.0-9. 2;  oolunn  capacity  was  Meanwhile  rather  high  and  when  30  ng  of 
r  -globulin  was  applied  it  was  conpletAy  adsorbed.  It  is  to  be  noted 
that  even  in  the  first  samplings  chosen  the  required  pH  (8.0-8. 2)  was 
found. 


It  was  decided  to  oonduct  the  first  series  of  experiments  by  frac¬ 
tions  ting  proteins  by  changing  the  pH  of  the  Auent  solution.  The  first 
Auent  buffer  was  a  M/l0  solution  of  phosphate  buffer  of  pH  8.0,  then 
buffers  of  the  sane  concentration  but  different  pH  ranging  from  7.85  to 
50  were  successively  added,  i.e.,  7.85,  7.7,  7*52,  7*38,  7*1?.  6.98, 

6.8,  6.6,  6.4,  6.2,  5.9,  5.6,  and  5*3.  Then  further  to  acidity  the 
medium  were  added  solutions  of  BfePOb  aloha,  first  in  the  sane  X/lOO 
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concentration  and  than  with  successive  Increases  to  M/50*  m/1*  and  K/20. 
Th*  protein  remaining  In  the  ooluan  was  washed  out  with  a  3j»  solution  of 
llaOH.  Figure  3  gives  the  characteristic  curve  of  this  series  of  experi¬ 
ments. 


Fig.  3.  Fraotio nation  of  y -globulin  on  UEAE-Cslluloae: 
horizontally  above  —  pH  values  of  eluent;  other  notation 
as  in  fig.  2. 

In  this  method  of  fractionation  two  r  -globulin  micro  fractions  were 
always  detected  at  the  very  beginning  of  the  chrooatogran.  The  first  of 
than  appeared  whan  buffer  (pH  8.0)  concentration  alone  increased  from 
M/5000  to  M/100  and  contained  about  50$  of  all  the  protein;  the  second 
followed  the  first  when  eluting  with  M/100  buffer  of  pH  7.85  or  7*7  and 
contained  a  snail  amount  of  y -globulin,  about  7$.  Then,  as  is  evident 
from  Fig.  3,  successive  decrease  of  buffer  pH  from  7.7  to  5*3  and  even  to 
4.5  (KH2PO4  solution)  did  not  result  in  eluting  the  protein  from  the 
column.  The  new  third  fraction  containing  13-1551  protein  appeared  only 
after  concentration  of  the  KH9PO4  solution  was  increased.  The  remaining 
protein  was  washed  out  with  15»  NaOH  as  the  forth  fraction  containing  20- 
25J f  of  the  material  used.  The  data  of  these  experiments  therefore  already 
have  shown  that  even  a  considerable  change  in  pH  of  the  mediua  does  not 
sake  it  possible  to  fractionate  r  -globulin.  At  the  same  time  a  slight 
increase  in  eluant  concentration  immediately  washes  out  the  protein. 

In  some  experiments  we  also  increased  the  phosphate  buffer  concen¬ 
tration  froa  M/100  to  M/lO  at  pH  5.9*  after  which  the  protein  immediately 
began  to  be  eluted.  In  other  experiments  there  was  an  increase  in  con¬ 
centration  of  the  first  eluant  buffer  from  M/100  to  M/200  at  pH  8.0. 

This  led  to  an  increase  in  the  first  fraction  to  80£.  In  the  experi¬ 
ments  where,  however*  the  first  eluent  buffer  was  an  M/500  phosphate  one 
of  pH  8.0  almost  all  the  protein  (up  to  90J6)  was  washed  out  in  a  single 
peak. 

It  therefore  proved  to  be  that  y  -globulin  may  be  separated  into  a 
greater  timber  of  micro  fractions  by  changing  salt  concentration  in  the 
eluent.  It  was  therefore  decided  to  conduct  a  second  series  of  experi¬ 
ments  by  increasing  the  concentration  of  Had  ions  in  the  M/5000  phosphate 
buffer  of  pH  8.0.  First  were  prepared  the  same  Nad  solutions  as  in  the 
experiments  with  CM -cell  ulo  set  molar  values  of  0.05*  0.01*  0.15*  0.2,  0.3* 


0.4,  0.5*  and  0.6.  By  their  means  we  separated  the  /-globulin  into  seven 
nicro fractions.  The  first  was  always  a  very  sharp  and  high  peak  and  con¬ 
tained  58-60$  of  all  the  protein  applied;  this  fraction  was  eluted  by  the 
M/500  Nad  solution.  The  seoond  fraction  was' eluted  by  the  next  M/lO  and 
contained  about  21$  of  the  protein.  Following  this  came  the  third,  fourth, 
fifth,  and  sixth  fractions  which  were  eluted  by  the  M/150J  M/20,  M/30,  and 
M/40  solutions  of  Nad;  all  of  these  were  mall  and  each  contained  from 
0.6  to  536  of  the  protein.  The  seventh  fraction  was  taken  off  by  the  1$ 
Nad  and  contained  12-14$  of  the  r -globulin. 

It  was  found  to  be  of  interest  to  divide  the  first  and  largest 
component  and  thus  to  achieve  sore  careful  fractionation  of  all  the  pro¬ 
tein.  To  do  this  we  decreased  the  first  eluent  concentration  (H/500)  and 
used  the  following  aolar  values  of  Nadi  0.01  —  0.02  —  0.03  —  0.04  — 
0,05*  After  then  fractionation  was  oondueted  with  the  usual  solutions  1 
M/700,  m7i o,  M/150,  M/20,  M/30,  M/40,  and  M/60.  In  so  doing  the  first 
and  l*-  t  oomponent  was  successfully  separated  into  its  oomponent  parts. 


Fig.  4.  Fractionation  of  y -globulin  on  DEAS-Cellulose 
(notation  as  in  Fig.  2). 

Figure  4  gives  the  results  of  a  representative  experiment.  As  we 
see,  under  the  conditions  worked  out  r -globulin  may  be  fractionated  into 
11  or  12  microfractions.  It  is  interesting  that  the  first  five  fractions 
contained  58 -65$  of  all  the  protein,  i.e.,  the  same  amount  as  in  the  large 
component  in  the  preceding  series  of  experiments.  By  selecting  the  proper 
conditions  we  have  thus  separated  the  first  fraction  obtained  in  the  pre¬ 
ceding  experiments  into  five  individual  micro fractions.  The  protein  in 
them  is  distributed  as  follows 1  first  micro fraction,  10 -1556;  second,  14- 
18$;  third,  14-19$;  fourth,  10-16$;  fifth,  5-8$  (percentages  of  all  the 
protein).  The  rest  of  the  components  eluted  by  each  successive  buffer 
contained  lesser  amounts  of  proteini  sixth  microfraction,  4-9$;  seventh, 
3-5$:  eighth,  2-4.4$;  ninth,  1-2.5$;  tenth,  1-5$;  eleventh  (washed  out 
by  m/4o  or  m/60  Nad),  up  to  2$  of  the  /-globulin;  and  finally  in  the 
last  fraction  which  was  eluted  by  a  1$  solution  of  Nad  there  was  always 
10-14$  of  the  r -globulin. 

By  choosing  the  proper  conditions  we  have  therefore  been  able  to 
separate  bovine  r -globulin  into  11  or  12  micro fractions.  This  is  twice 
ae  many  **  were  found  by  Fah«y  and  Horbett  [11]  in  their  clearly  executed 
woric  on  haun 
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Conclusions 


Chromatographic  fractionation  of  bovine  y-globulin  was  carried 
out  in  coluans  of  ion-exchangers  —  cellulose  derivatives. 

The  y-globulin  preparation  was  obtained  by  the  rivanol  nethod. 

It  is  shown  that  whan  bovine  serum  or  plasma  is  precipitated  by  rivanol 
the  hemoglobin  admixture  which  is  always  present  remains  in  solution  and 
contaminates  the  y-globulin.  A  method  of  supplementary  purification  is 
proposed  which  permits  separation  of  the  hemoglobin"  by  salting  off  with 
ammonium  sulfate.  The  resultant  y -globulin  preparation  is  found  to  be 
electrophoretically  homogeneous  in  phosphate  and  veronal  buffers  of  pH 
7.1*  7*7*  and  8.6. 

The  protein  is  chromatographed  on  a  cation-exchange  adsorbent  — 
carboxymethyl  cellulose  (CH-cellulose),  and  on  an  anion-exchange  adsor¬ 
bent  —  diethylsminethyl  cellulose  (D&AS-cellulose) .  In  all  cases  the 
method  of  elution  by  degrees  was  employed. 

Conditions  have  been  worked  out  under  which  bovine  y-globulin  on 
CH-callulose  can  be  asperated  into  sevep  micro  fractions  by  sodium  chloride 
solutions  of  increasing  concentration. 

In  chromatography  on  DKAE-celluloso  it  is  demonstrated  that  a 
change  in  pH  of  the  eluting  solutions  fbom  8.0  to  4.5  makes  it  impossi¬ 
ble  to  fractionate  the  protein.  Conditions  have  been  worked  out  under 
which  bovine  y-globulin  may  be  separated  into  11  or  12  micro  fractions 
also  by  changing  the  aodim  chloride  concentration  in  the  eluant. 
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